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ABSTRACT

The increasingly widespread use of galvanized roofs certainly has an effect on the occupants in the room
below. Among them is a hot room temperature. For that reason, it is necessary to make new discoveries in
the field of composites of natural materials to overcome them because most natural materials, especially
natural stone, have low thermal conductivity, which means they can inhibit heat propagation. This study
sought to ascertain how much andesite natural stone powder, combined with epoxy, can lower the room
temperature when it is layered on a galvanized roof. Different amounts of natural stone powder applied
to a galvanized roof results in different thermal conductivities. The temperature readings were taken at
a height of 20 cm above the roof, right at the bottom galvanic, as well as the temperature in the room
below. Our results showed that adding andesite natural stone powder to the roof was able to lower the
room temperature, and the thicker the composite layer in coating the galvanized roof, the lower the room
temperature under the roof.

Keywords: Natural Stone; Composite; Roof Technology; Temperature Reducer; Roof Coating; Galvanize.
RESUMEN

El uso cada vez mas extendido de tejados galvanizados tiene sin duda efectos sobre los ocupantes de la
habitacion de abajo. Entre ellos se encuentra una temperatura ambiente caliente, para ello es necesario
hacer nuevos descubrimientos en el campo de los compuestos de materiales naturales para superarlos,
porque la mayoria de los materiales naturales, especialmente la piedra natural, tienen baja conductividad
térmica, por lo que pueden inhibir la propagacion del calor. El objetivo de este estudio era determinar
en qué medida la aplicacion de polvo de piedra natural de andesita, mezclado con epoxi, puede reducir
la temperatura ambiente cuando se coloca en capas sobre un tejado galvanizado. La aplicacion de polvo
de piedra natural en el tejado galvanizado con diferentes cantidades provoca diferentes conductividades
térmicas. La temperatura se mide a una altura de 20 cm por encima del techo, justo en la parte inferior
galvanica, y la temperatura en la habitacion de abajo. Los resultados mostraron que la adicion de polvo de
piedra natural andesita en el techo fue capaz de reducir la temperatura ambiente, y cuanto mas gruesa es
la capa de material compuesto en el recubrimiento del techo galvanizado, afecta a la disminucion de la
temperatura ambiente bajo el techo.

Palabras clave: Piedra Natural; Compuesto; Tecnologia de Tejados; Reductor de Temperatura; Revestimiento
de Tejados; Galvanizado.
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INTRODUCTION

According to global energy consumption data, earthlings living in the house have consumed massive amounts
of energy produced around the world. Mostly used 40 % of total energy, resulting in 30 % of exhaust gas in the
form of CO2. This building spends that energy to provide comfort related to air conditioning." The roof is the
most important factor that affects the temperature in a room, causing the need for air conditioning in it, of
the many parameters that affect the temperature in the room. The roof has a large influence on the room
temperature, which can reach 70 %.@

Many people prefer metal roofs because of the low installation costs and lighter weight when compared
to cast-iron or earthen roofs; the overall installation cost is much cheaper and the installation is faster. Metal
roofs, on the other hand, have some disadvantages, including high temperatures below due to their high
thermal conductivity.® A study stated that houses in Ecuador have a hotter room temperature due to the use
of metal roofs. As a consequence, air conditioning is needed to reduce room temperature.®

The research challenge of keeping the room temperature cool when using metal roofs is still open. If the
number of occupants in the house increases, so will the air temperature in the room. One of the technologies
needed is roof coating technology. Metal roofs must be treated with the aforementioned coating to reduce heat
propagation.® Roof coating technology, in addition to lowering room temperature, can reduce air conditioner
ignition and electrical energy consumption.®

One of the methods to reduce room temperature with a metal roof is to make a roof layer with a composite
coating. The thermal conductivity of the additional material in the form of the coating must be kept low, in
order that when it is added to the total thermal conductivity of the metal and its coating, a lower level of
thermal conductivity is produced. One of them is the use of natural materials.”” Ceramic is a natural material
with low thermal conductivity. Residential buildings use ceramics as a thermal insulation material aimed at
reducing indoor heating due to hot weather because it has low thermal conductivity.®

Coating natural materials on the roof requires a matrix or adhesive, and the material that is widely used to
glue natural materials is epoxy. The use of epoxy will be very helpful in terms of attaching natural materials to
metal roofs. The use of epoxy and natural material composites coated on metal roofs will improve the thermal,
mechanical, and electrical properties of the roof.®

One of the materials that is widely used in buildings due to its thermal capabilities is natural stone. In
addition to its attractive color when used for building ornaments, natural stone also has the ability to act as
a heat insulator. Natural stone has a low level of thermal conductivity when compared to metals.” For this
reason, the use of metal roofs requires additional coatings that can reduce heat in the space in order that the
coatings applied to the roof will reduce heat transfer that occurs on the roof.

The important point in this study is that the use of coatings containing natural ingredients can reduce room
temperature; however, it is critical to investigate how far the coating can reduce room temperature. One of the
parameters that must be investigated is the effect of the thickness of the composite layer coated with natural
materials on a metal roof on the level of room temperature reduction.

METHODS
Experimental models.

Experiments were conducted for sixteen days during May and June 2022. Starting at 10 a.m. in the hot
climate of Malang (Latitude: -7° 58 46,92" S & Longitude: 112° 37' 49,44" E), East Java province, Indonesia. Six
identical miniature rooms were manufactured for these experiments.

Miniature box A: a reference box consisting of the box with a galvanized roof without coating. Miniature
box B: consists of a box with an epoxy coating. Box miniature C-F: consist of a box with galvanized composite,
mixing natural stone powder and epoxy for the first test, and different powder dimensions for the second test.

Each miniature room box was made of wood with a dimension of 500 mm x 500 mm x 500 mm and with a 2 x
250 mm x 100 mm ventilation. Around the box were attached four thermocouples to measure the temperature,
which were placed as follow: a=20 cm above roof; b=above (stick on) roof or composite; c=under (stick on)
the galvanized material; and d= room temperature - 10 cm height from the floor (see experiment box). The
composite layer was made by mixing natural stone powder and epoxy in the same ratio.

Epoxy has a ratio of hardener to epoxy of 1:2; after the epoxy mixture is ready, then the natural stone
powder is added into the epoxy hardener mixture to ensure the natural stone powder can be evenly distributed.
In particular, stirring is done with a mixer set to 942 rpm for 5 minutes. The mixture was then poured onto the
galvanized sheet to make sure it covered the entire galvanized surface evenly. After the composite layer was
dry, a specimen was used for the temperature reduction test. The method of making these specimens can be
seen in figure 1.
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Figure 1. Schematic View of specimen preparation method

Measurement Devices

To ensure the validity of the data obtained, the thermal conductivity was measured by Tokyo meter co.ltd.
where there are 12 thermocouples, of which 6 sensors are at the top of the specimen and the other 6 sensors
are at the bottom of the specimen. Tests were carried out on all materials, including galvanizing without
coating, galvanizing with only epoxy coating, as well as specimens with mixtures of other natural materials.

Figure 2. Thermal conductivity measuring device

The test was carried out for the first time by testing the composition with xrf. After obtaining the rock
composition, a thermal conductivity specimen was created by forming a test specimen to the size of the
thermal conductivity test tool. The next test was the macro test, where the specimen was photographed as
a whole to determine the level of distribution of rock powder and its color. for the temperature drop test s
carried out by placing a galvanized specimen that has been coated with a composite on a miniature wooden
box measuring 500 x 500 x 500 mm. As a miniature form of a house, the box is given a ventilation of 20 % of the
floor area (Regulation of the Minister of Health of the Republic of Indonesia Number 1077 of 2011 concerning
Guidelines for Air Conditioning for Sanitizing House Rooms).® The ventilation measured 100 x 250 mm and there
were 2 in front and back (figure 2). The equipment used can be seen clearly in Figure 3. The miniature box was
equipped with a thermocouple with placement according to the picture, where the purpose of choosing the
location of this thermocouple is to find out the temperature with a position of 20cm above the roof, then right
on the roof, under the roof, and the temperature of the room, where the room temperature is represented by
a thermocouple with a position of 10cm from the floor. The schematic of the temperature testing device can
be seen in Figure 2-5.

RESULT AND DISCUSSION

Analysis of natural stones composition
Macroscopic photos were taken to determine the level of distribution of natural stone powder on the
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specimen. Apart from that, from the macro photo, the color and distribution of the epoxy mixture and natural

stone powder can be observed, where good conditions can occur if the coating is able to completely coat and
cover all galvanized surfaces.

Thermal Sensor (a)

Galvanis Roof

) e

1. Experiment box, 2. Data logger, 3. Computer, 4. Scales, 5. Stopwatch(timer), 6. Specimen (galvanic coated composite) 7.
Camera

Figure 5. Schematic View of experimental

Figure 5 shows a photo of the coating specimen with variations in coating thickness on a galvanized roof.
The three specimen images showed different distributions of natural stone grains, depending on whether the
sequence of specimens could cover the galvanized surface or not. The three specimens (C,D,E) had epoxy resin
and natural stone in the same ratio but had different total weights: 300 grams, 400 grams, and 500 grams.
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Figure 6. Macro photos of galvanized roof coating specimens: (A) Galvanis Plate; (B) Epoxy Coated; (C) Epoxy
and Andesit stone 1,26mm thickness; (D) Epoxy and Andesit stone 1,70mm thickness; (E) Epoxy and Andesit
stone 2,3mm thickness.

In figure 6 (A), andesite stone cannot cover the entire galvanized surface (50 %) because the lower the total
weight, the more difficult it is for the coating to cover the entire surface when compared to the grain size
below it.

The temperature taking points are at 4 points, namely, the outdoor temperature, the coating surface
temperature, the galvanic surface temperature, and the galvanic interior/room temperature.

At the temperature measurement of 4 points, the highest temperature on the galvanized coating. This is
because the surface of the roof coating experiences the sun radiation directly, consequently the temperature of
the roof coating is the highest. Then followed by the temperature of the galvanic roof due to conduction from
the coating to the galvanic. Then followed by the temperature of the sun as the input heat. And the last one is
the lowest room temperature because it is not exposed to direct sunlight. Each data is taken within 10 minutes
and produces different T (figure 7).
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Figure 7. Roof type and average thermal level
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Figure 8. Roof type and average thermal level

Figures 8 and 9 shows a relationship between variations in coating thickness and a decrease in room
temperature.

The relationship between thickness variations without coating (1,26 mm, 1,70 mm, and 2,3 mm) and
a decrease in temperature can be seen. The galvalume without coating experienced an average decrease
of 2,743°C; the coating with a thickness of 1,26 mm experienced a decrease of 4,178°C; the coating with
a thickness of 1,70 mm experienced a decrease of 4,438°C; and the coating with a thickness of 2,30 mm
experienced a decrease of 4,889 °C.
The highest temperature drop was at 2,30 mm and the lowest was at galvalume without coating in accordance
with our hypothesis (figure 8). The hypothesis is formulated such that the difference in coating thickness will
produce different values of the temperature difference (At). The greater the thickness of the coating, the
longer the heat passes through the coating according to the thermal conductivity formula, namely:

Qr = _kAE

With:

Q = The rate of Heat Transfer (KJ/s,W)

k = Thermal Conductivity of materials (W/m°C) A = Area - Cross-sectional (m?)

dT = Difference of Temperature (°C) dX = Distance (thick of specimen) (m) T = Temperature (°C)®

Where the thickness (dx) is the denominator, the greater the thickness value, the more difficult it is for heat

to propagate. Consequently, the lower room temperature is more difficult to heat if the coating is thicker. We
could infer that the thickness of three layers would be the best because it has the highest thickness. However,
the roof becomes heavier as the layer thickness increases. Consequently, when compared based on thickness,
the 2,30 mm thick coating will have the highest temperature drop.
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Figure 9. Roof type and temperature difference
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CONCLUSION

The thickness of the specimen coating affects thermal conductivity; the thicker the coating, as calculated
by the thermal conductivity formula and proven by direct testing, the lower the level of thermal conductivity
because the thermal conductivity of the composite layer is far below galvanic. The lowest value of thermal
conductivity is galvanized with a thickness of 2,30 mm and the highest is galvanized without coating. The
conductivity was sequentially (8,067 Kcal/mhr °C), (5,389 Kcal/mhr °C), (4,634 Kcal/mhr °C), (2,449 Kcal/
mhr °C). This result is also in accordance with the temperature drop test where the thicker the coating,
the greater the temperature drop. Where sequentially obtained T galvalume without coating is 2,743 oC, on
coating with a thickness of 1,26 mm it is 4,178 oC, on coating with a thickness of 1,70 mm it is 4,438 °C, on
coating with a thickness of 2,30 mm it is 4,889 °C. This proves that the thicker the composite layer used to coat
the galvanized roof, will cause a decrease in the temperature of the room under the roof.
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